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A method using syringe needle-based liquid-phase extraction technique with 
liquid chromatography analysis was utilized to determine the distribution of carotene 
in carrots. Optimization of extraction parameters was carried out smoothly: 100 μL 
2-propanol as extractant to extract β-carotene for 20 min. The distribution of 
β-carotene was carefully detected and illustrated using a 3D model after dividing the 
carrot sample into 6 parts. The variation of β-carotene concentration during storage 
under different temperatures indicated that -5℃ was more suitable than 20℃ for 
carotene preservation. The drastic degradation of β-carotene under -20℃ may be 
caused by interval freezing and thawing of carrot samples for carotene extraction. As 
this novel extraction method consumes much less organic solvent, less time and 
simpler steps than traditional solvent extraction, it has great potential for practical 
usage, such as analyzing the distribution and variation of analyte concentration during 
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CHAPTER 1 INTRODUCTION 
1.1 Literature review 
1.1.1β-Carotene in carrots 
Vitamin A deficiency is a major cause of blindness in children, especially in 
developing countries. Foods rich in pro-vitamin A, such as carrots, have been proved 
to be a fine solution to this problem[1]. Carotene, which could be converted by humans 
to vitamin A also benefits in preventing major health problems such as cancer and 
heart diseases for their antioxidant activity[2, 3].In carrots, the content of β-carotene 
and α-carotene is about 60-80%, and 10-40%, respectively[4]. Carotene content in 
carrots ranges from 6-15 mg/ 100g, with 2-10 mg β-carotene[5]. It has been noted that 
β-carotene content in carrot pulp waste was 3.92 mg/ 100g, while the recommended 
β-carotene in a dietary allowance for a typical adult is 4.8 mg[6]. Hence, carrots are 
nutritious providers for vitamin A.  
β-carotene is in a crystalline form or associated with protein embedded in 
chromoplasts[7]. In natural conditions, β-carotene exists in the all-trans form. Light 
and the presence of sensitizers promote isomerization of trans-carotenoids to their 
cis-form, whereas 13-cis-β-carotene is mainly formed by thermal treatment[8, 9]. 
Unfortunately, β-carotene cis-isomers have a decreased provitamin A activity and an 
altered anti-oxidant activity[10]. Thus, the degradation of β-carotene would cause a 
complete loss of its health- related properties[11].  
1.1.2β-Carotene extraction techniques 
Carotene extraction could be carried out with various methods, such as traditional 
solvent extraction (TSE), supercritical fluid extraction (SCFE), microwaves and 
ultrasounds assisted extraction. As previous studies indicate, supercritical fluid 
extraction technique needs no toxic organic solvents and possesses higher selectivity, 
and shorter extraction time. Microwave assisted extraction provides high extraction 
efficiency as it enables fast release of the bioactive compounds into the solvent. 
Ultrasound assisted extraction of antioxidants has been widely applied due to its high 
efficiency and extraction rate[12,13,14]. In comparison, traditional chemical extraction 
methods including solvent extraction possess several disadvantages and limitations. 
For example, they often require long extraction time, which may lead to the 
degradation of carotene. Excessive use of toxic materials is another drawback that 
should be avoided and improved. Pre-treat processing methods may also cause the 
degradation of carotene. As it’s relatively simple and inexpensive, traditional 
chemical extraction method is still widely used.  
1.1.3 Chemicals used during chemical extraction 
As various researchers indicate, β-carotene could be extracted using organic 
solvents such as chloroform, hexane, acetone, methanol, propanol, and ethanol. It’s 
reported that ethyl acetate extract β-carotene more efficiently than the polar solvents 
mentioned above [15]. However, as its primary producer is the petroleum industry, 
ethyl acetate is not considered to be environmentally friendly and is highly 
flammable.  
Different solvents used in various experiments were listed in Table 1-1. 
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For example, in Jinno and Lin’s work, vegetables were mashed and homogenized 
before detection. They use ethyl acetate and ethanol as extractant. Extraction 
procedures include stirring, filtering, shaking and vacuuming, with more than 25h 
needed[22]. In Chandler and Schwartz’s work, methanol was firstly mixed together 
with fruit puree, and after filtering, acetone-hexane (1:1, v/v) was then used for 
extraction[20]. 
Inorganic salt has also been used with organic solvent for extraction. Magnesium 
carbonate and anhydrous sodium sulfate were mixed with tetrahydrofuran to extract 
carotenoids in blended fruits[21]. In Calvo’s work, carotene yield from peel powder of 
tomatoes was higher using ethanol as extractant than that using ethyl acetate[26]. As 
depicted in Fikselova’s research, 2-propanol proves to be a better extractant than 
ethanol[23].  
1.1.3 Analytical methods 
 Various methods have been used to measure the amount of extracted carotene. 
Spectrophotometry is quite popular, as the pigment could absorb radiation in visible 
region (400-600nm)[27]. 630 nm has also been used previously for carotene detection 
[28]. However, its usage was limited as different carotene isomers (cis and trans form) 
could not be differentiated with this method[29]. Classical column chromatography and 
thin-layer chromatography (TLC) have also been used for the determination of 
carotenoids[30,31]. However, as previous studies show, these methods are not only 
time-consuming but also with low separation efficiency and reproducibility. They also 
require large amounts of samples. Therefore, TLC is mainly used for preliminary 
examinations to show the number and variety of carotenoids present. As one of the 
high performance separation methods, gas chromatography (GC) is not normally used 
because of low volatility and thermolability of carotenoids [27].  
In comparison, the high performance liquid chromatography (HPLC), as one 
conventional technique for qualitative and quantitative quantification, has its 
advantage. The most frequently used detectors are UV-Vis, mass spectrometry and 
photodiode array detection (PAD). PAD could demonstrate three-dimensional spectra 
for carotene[32]. As regards to solvents, methanol, water, and methyl tertiary butyl 
ether are used most often[33]. It is said that with methanol and isopropanol, most 
carotene except lycopene could be separated[34]. When it comes to the choice of 
chromatographic column, both C30 and C18 columns have been frequently chosen. 
Previous researchers conclude that C30 column is more efficient in separating 
β-carotene and its cis isomers under gradient elution of methanol and methylene 
chloride[35].  
 
1.1.4 Degradation of β-carotene 
Being highly oxidizable, β-carotene has been proved to be very unstable, thus, 
the preservation of β-carotene is necessary to ensure a stable amount of vitamin A 
during storage. It’s claimed that carotene losses in fresh vegetables and fruits could be 
induced by two approaches: (1) contact with oxidizable substrate that may cause cell 
injury or cell death; (2) a respiratory protection mechanism caused by water that 
removes oxygen from the reaction and creates an inert atmosphere of CO2[36]. Factors 
such as light, oxygen and temperature are crucial in the degradation of β-carotene. 
Therefore, in order to better preserve the nutrients, storage conditions are very 
important.  
It has been suggested that in carrots, about 90% carotene exists in the trans 
form[37,38]. Researchers assume that the, Carotene isomerization could occur in the 
storage process. Organic solvents promote isomerization in comparison with water. 
The isomerization went on vibrantly under high temperature, while encapsulation 
could avoid it[39,40]. The extracting and detecting of β-carotene are important as they 
could help consumers and food industry in quality control of carrot originated health 
products. 
1.2 Objective and scope of this research 
1.2.1 Research Motivation 
As described above, chemical solvent extraction processes are often 
time-consuming and complex with excessive use of chemicals. As a environmentally 
friendly, rapid and precise sample preparation technique is needed, a novel syringe 
needle-based extraction method (SNE) will be tested in this research. SNE needs little 
sample in comparison with traditional sampling methods which require a bulk of 
samples. If SNE is well used, the distribution of carotene in carrots could also be 
explored. Moreover, as the loss of β-carotene during processing and storage is well 
established[41], the degradation under different storage conditions are also interesting 
research objects.  
1.2.2 Scope of this research 
In this paper, syringe needle-based extraction of carotene was carefully carried 
out. Main work includes the following: 
1. A suitable condition was determined to extract carotene from carrots using 
syringe needle-based extraction method in terms of solvent species, extraction time 
and solvent volume.  
2. The distribution characteristics of carotene in carrots are thoroughly examined 
and illustrated.  
3. The degradation of carotene in carrots under different circumstances is 











CHAPTER 2 MATERIALS AND 
METHODS 
2.1 Chemicals and reagents 
Reagent-grade ethanol, methanol, 2-propanol, and acetone were purchased from 
Sigma (Steinheim, Germany). Tetrahydrofuran (THF) and dichloromethane (DCM) 
were, sodium chloride (NaCl) was from Merck (Germany), anhydrous sodium 
carbonate (Na2CO3) from Fisher Scientic (UK). Angle-cut tipped syringe needles 
(1.5mm in diameter) were purchased from CTech Scientific (Singapore). Carrots were 
bought from a local market freshly (Singapore). 
2.2 Sampling, Extraction and detection procedure 
2.2.1 Sampling procedure 
As illustrated in Fig. 2-1, a syringe needle was firstly accurately weighed (m0) 
before inserted into a carrot, rotated twice, and slowly retrieved with a piece of carrot 
flesh at the tip (up to 8-10mm of the length of the needle). Then, the same needle was 




Fig 2-1 (a), (b), (c) and (d), retrieving out carrot fresh with needle. (e) liquid phas 





2.2.2 Extraction procedure 
As depicted in Fig 1e.the carrot flesh-filled needle was placed in a glass insert (5 
mm in diameter, conical bottom, with bottom spring, of 200 μL capacity) prefilled 
with 50-200 μL extractant solvent. During the extraction process, the whole carrot 
flesh remained inside the needle tip. After a certain extraction time, 20 μL of the 
extractant solvent was injected into HPLC system for analysis. 
2.2.3 HPLC Analysis 
High-performance liquid chromatography (HPLC) is the method of choice for 
measurement of carotene content. With different extractants, the parameters of HPLC 
running are totally different. In this case, an Agilent 1 200 system (Palo Alto, CA, 
USA) consisting of a quaternary pump, vacuum degasser, auto sampler and a diode 
array detector (DAD) was used. Chromatographic separation was performed with a 
PhenomenexKinetex-C18 (Torrance, CA, USA) column (100×4.60 mm internal 
diameter, 2.6 μm particle size). After multiple times of trying, the mobile phase was 
fixed with 0.9% chloroform dissolved in methanol. The flow rate was set at 0.6 mL/ 
min, with 30℃ column temperature. According to Marx et al., 2000, the detection 
wavelength was set at 452 nm, 445 nm for the maximum spectral of β-carotene and 
α-carotene[20]. 
The concentration of carotene in carrots (C, mg/ 100g) was calculated using the 
formula below: 
𝐶 = 𝐶0 × 𝑉0
𝑚1 − 𝑚0
× 100 
In this formula, C0 (mg/mL) is the concentration of carotene in the extractant 
solvent, and V0 (mL) is the volume of the extractant solvent.  
2.3 3D modeling 
The size of a carrot was measured by a vernier caliper before modeled using the 
software of Gambit. To explore the distribution of carotene, the carrot was sampled at 
different locations at different depths, according to Fig.2-1.From the top view, the 
carrot was divided into two layers, the outside circle (Layer 1) and the inner circle 
(Layer 2); from the lateral view, it was separated into three portions (A, B, and C). In 
this way, the carrot was divided into 6 parts, and each part was sampled three times at 
random points. After the sampling of the outside layer, samples of inner layer was 
then collected at the same point using another needle. With different colors as 
representatives for different range of concentration, the 3D picture of carotene 
distribution as shown in Fig. 2-2 could be made based on the determined carotene 
concentrations in the different parts.  
 
 
Fig. 2-2 Carrot 3D model. A carrot was defined into 6 parts: A-Layer 1; B-Layer 
1; C-Layer 1; A-Layer 2; B-Layer 2; C-Layer 2; 
2.4 Comparison with the other method 
To evaluate the accuracy of this whole method, conventional extraction method 
was conducted as a basis of comparison. Three carrot samples were analyzed by 
syringe needle-based extraction method (SNE) and one conventional extraction 
method, respectively.  
Each sample was washed with DI water and extracted using syringe needle 
extraction method first. As 2.3 depicted, every carrot was divided into six regions: 
A-Layer 1, B-Layer 1,C-Layer 1,A-Layer 2,B-Layer 2and C-Layer 2. Each part was 
sampled at random points three times. Sampling of Layer 2 was conducted after the 
sampling of the outside Layer 1. Then they were cut separately into the six parts; 
with4g carrot weighed from each part. The same extraction procedure was followed 
for all three carrots. Each 4g of carrot was blended with 0.4 g anhydrous sodium 
carbonate and mixed with a mechanical blender. Together with 0.4 mL THF, 2g of 
the mixture was transferred into a centrifuge tube. After being mixed for 2 min under 
cold water, the mixture was centrifuge at 5000 g for 5 min. The supernatant was 
collected for extraction. 3 mL DCM and 3 mL of 10% w/v NaCl was added into the 
supernatant and shaken for 2 min. The organic layer was collected and evaporated 
under nitrogen steam. Repeating the extraction procedure twice. The residue was 
kept at -20℃, reconstituted with 1 mL DCM and diluted (1/40-fold) with DCM 
before UV measurements[42]. UV absorption was performed on A UV-1800 
spectrophotometer (Shimadzu, Kyoto, Japan) with high resolution (1nm). 
2.5 Storage condition 
During carrot storage, enzymatic degradation of its structure could allow 
carotene to oxidize. Storage conditions with different temperature and moisture 
directly affect the preservation of carotene. In order to investigate the changes of 
carotene concentration in carrots during storage under different practical conditions, 
three storage situations were set up. A set of 3 carrots were stored in the closet of the 
laboratory with a permanent room temperature of 20℃. Another two sets were stored 
in the refrigerator of 5℃ and -20℃. To avoid direct contact with air, all the carrots 
were wrapped up in freshness-keeping film. Extractions were performed every 7-20 
days under these three conditions. All the carrots were stored in dark. In each part of 
the carrot, extraction points were as close as possible so as to precisely indicate the 
changes of carotene concentration during storage. 
 
 
CHAPTER 3 RESULTS AND 
DISCUSSION 
3.1 Extraction condition optimization 
3.1.1 Solvent selection 
The selection of solvent is a crucial part to achieve a good selectivity and 
efficient enrichment. As depicted in 1.1.2, different solvents have been used as 
extractant for carotene extraction. Taking into consideration both environmental 
impact and use frequency of previous research, ethanol, 2-propanol, methanol, and 
acetone were chosen as candidates in this study.  
Two kinds of carotene were detected using HPLC. With limited standard samples, 
it could only be conformed that one of them is β-carotene. As depicted in Fig. 3-1, 
higher concentrations of β-carotene were detected using 2-propanol. Acetone proved 
to be a better extractant for carotene in comparison with ethanol and methanol. This is 
in accordance with previous study[29].  
 
 
Fig. 3-1 Extraction efficiency comparison of β-carotene using four organic 
solvents 
3.1.2 Optimization of solvent volume 
Several factors need to be considered in the determination of solvent volume. 
First of all, this chemical should be able to fully extract all the carotene from carrot 
samples. The solvent in the insert has to be deep enough to cover the entire bulk of 
the carrot flesh. In the meantime, residual solvents need to be eliminated in order to 
obtain a safe extract. 50, 100, 150, 180μL of 2-propanol were injected in the insert, so 
as to determine the appropriate dose. As can be seen in Fig. 3-2, different extraction 
efficiency was achieved. 100μL proves to be the appropriate dose for carotene 
extraction from carrots.  
 Fig. 3-2 Extraction efficiency comparison of β-carotene with different volume of 
2-propanol as extractant 
3.1.3 Optimization of extraction time 
 
Fig. 3-3 Extraction efficiency comparison of β-carotene within different 
extraction time 
The effect of extraction time between 5 and 60 min was carefully investigated by 
extracting with 100μL 2-propanol. The influence of extraction time on extraction 
efficiencies for these two kinds of carotene is shown in Fig. 3-3.   
Efficient time is needed for the carotene to be fully extracted. Fig.3-3 shows that 
extraction efficiency of β-carotene gradually increases as the extraction time prolongs 
to 20 min from 5 min. However, as extraction time continues to increase, extraction 
efficiency starts to fall down. This is probably because there’s a greater potential of 
solvent loss due to vitalization as the extraction time is prolonged. In sum, 20 min 
proves to be the most favorable extraction time, taking all the consideration of solvent 
loss, good repeatability and extraction efficiency.   
3.2 Distribution of carotenes in carrots 
In order to fully illustrate the distribution characteristics of carotene in carrots, 
several carrot samples were utilized in this experiment. The distribution of β-carotene 
is heterogeneous in carrots, as previous studies have manifested43]. Carrot sample No. 
20 was chosen as representative for illustration. It was divided into three parts from 
the top to the bottom, A, B, and C. From inside out, it contained two layers, the 
outside layer 1and the inside layer 2. The concentrations of β-carotene in these 6 parts 
of sample No.20 were listed in Table 3-1.  
Table 3-1 Distribution of β-carotene in carrot sample No. 20 
Concentration of 
β-carotene 
(mg/100g) RSD % 
(n=2) 
Location 
A B C 
Layer 1 9.70 (2.28) 4.53 (1.66) 12.25(2.15) 
Layer 2 7.78 (1.98) 3.43 (1.79) 8.15 (1.19) 
As can be seen from Table 3-1, the concentrations of β-carotene detected in 
Layer 1 are all higher than those in Layer 2. On the cross-section radius of the carrot, 
four different regions could be clearly separated from the inside out: secondary xylem 
(SX), vascular cambium (VC), secondary phloem (SP) and periderm with pericycle 
(PP).  
 Fig. 3-4 3D model: Distribution of β-carotene in No. 20 carrot sample. H: 
Hue; C: concentration. 
As Fig. 3-4 indicates, Layer 1 includes the VC, SP, and PP region, while Layer 2 
only contains SX region. It’s indicated in previous study that β-carotene accumulates 
predominately in the secondary phloem and part of the vascular cambium region and 
then decreases in cells near the vascular cambium[43].  
3.3 Carotene concentration variations in carrots during 
storage under different conditions 
 Three different storage conditions were set up under room temperature 20℃, 
5℃, -20℃ in order to monitor the degradation of β-carotene concentration.  
C; H 
3.3.1 Carotene concentration variation during storage under 
5℃ 
 
Fig. 3-5 β-Carotene concentration variations during storage under 5℃ 
Fig. 3-5 illustrates the changes of β-carotene concentration during almost 
2-month storage. As we could see, the concentration of β-carotene fluctuated since the 
beginning. Alongside the degradation of β-carotene, water lost during the whole 
process, which could stabilize the concentration of β-carotene on the whole.  
3.3.2 Carotene concentration variation during storage under 
20℃ 
 
Fig. 3-6 β-Carotene concentration variations during storage under 20℃ 
During the storage of carrots under 20℃, the carrots withered in about one week, 
and almost entirely rotted in one month. That’s the reason why the tracking period 
lasted for only 34 days. In the outside layer, β-carotene concentrations are relatively 
higher than those in the inner layer. β-Carotene content increased from the thick end 
to the thin one in the outside layer, while decreased in the inner layer. As we can see 
from Fig. 3-6, in all six parts of carrots, the concentrations of β-carotene vary in a 
similar trend during the storage. During the 17th to 27th day since the storage started, 
the content of β-carotene kept increasing, with the highest concentration of β-carotene 
reaching about 12.25 mg/ 100g carrot. The increase of β-carotene concentration 
during the first period may be caused by drastic loss of water. Carotene concentration 
increased faster in the outside Layer 1 than that in the inside Layer 2, which could 
probably be caused by higher water loss on the outside layer. After the peak, carotene 
concentrations dropped drastically, in accordance with the rotting of carrots. The 
prominent decrease of carotene in about one month has occurred in previous studies, 
in which carrots were preserved with three different packaging materials, e.g., 
aluminum laminated pack, plastic jar, and glass jar[41].   
3.3.3 Carotene concentration variation during storage under 
-20 ℃ 
Freezing has always been a most frequent way used to preserve fresh fruits and 
vegetables. In order to monitor practical storage condition, a set of carrots were frozen 
and stored under -20℃ for about 2 months. Fig. 3-7 shows the variations of carotene 
content during storage. As we could see, carotene content started to decrease since the 
storage began, which is different from the other two storage conditions. When carrots 
were stored under -20℃, they need to be firstly thawed before extraction. According 
to several researches, the porous structure created due to freeze-drying could facilitate 
oxygen transfer and thus promote the oxidation of carotene[36]. Scanning Electron 
Microscopy has been used to observe the disrupted carrot tissue[44]. The interval 
freezing and thawing process promoted the oxidation process of carotene.  
 
Fig. 3-7 β-Carotene concentration variations during storage under -20℃ 
In previous studies, carotene loss has been monitored during carrot storage. 
According to Bubicz et al., carotene concentration decreased significantly during a 
3-month storage[45]. In Crivelli and Polesello’s study, carotene concentration in carrot 
slices decreased for about 60% when stored for 12 months[46]. Pretreatment such as 
lyophilization has been utilized to help reduce carotene loss during long-term storage. 
During storage for 7 months at -22℃, the concentration of carotene in freeze-dried 
carrots reduced only by 27%[47]. β-carotene degradation in different parts of one carrot 
is listed in Table 3-2. As can be seen from Table 3-2, β-carotene degraded faster in the 
outside Layer 1 than inner side Layer 2. Direct contact with air may be the reason for 
this difference.  
Table 3-2 Degradation of β-carotene in six parts of one carrot during 71 days 
















54.82% 37.52% 42.16% 32.12% 37.86% 35.86% 
 
3.4 Comparison with other extraction method 
To assess the performance of the syringe needle-based extraction method, one 
conventional extraction procedure with UV measurement was also conducted for 
comparison. A set of normal fresh carrots from the market were used as samples and 
extracted consecutively by these two methods. Fig. 3-8 shows the difference of 
β-carotene concentration in one typical sample monitored by SNE and the other 
method. As a minimum amount of carrot was needed in the traditional method, the 
concentration of β-carotene in the C-Layer 2 could not be detected. As can be seen, 
the SNE method results are similar to those obtained from the other method, which 
indicates the accuracy and reliability of SNE method. Taking into the solvent used and 
procedures needed for measuring, SNE method proves to be an easier, faster and more 
economical method. In addition, since this traditional extraction process needs a 
relatively large amount of sample, for more concise distribution of β-carotene in 
carrots; SNE method has irreplaceable advantage over the traditional method.  
 
 
Fig. 3-8 β-Carotene concentration in six parts of carrot determined by SNE 
method and the other extraction-determination method. 
Error bars show the standard deviation (n=2) 
3.5 Conclusion 
Syringe-needle based extraction method is a simple and effective sample 
preparation and extraction method, as this study has demonstrated. In conventional 
sampling processes, a large amount of sample is needed for extraction and analysis, 
thus making it difficult to fully investigate the distribution of analytes. However, 
syringe needle-based extraction method proves to be useful in this aspect. A single 
vegetable or fruit could be sampled many times over a long period of time to study 
the changes of certain chemicals during growth or storage. In this study, the 
parameters of extraction process using syringe needle-base method were optimized as 
follows: extraction with 100μl 2-propanol as extractant for 20 min. The distribution of 
β-carotene was fully illustrated using 3D modeling technology. During storage over a 
long period of time on three different conditions, the variations of β-carotene were 
presented. -5℃ proves to be more appropriate for carrot storage. The quite significant 
loss of β-carotene during storage under -20℃ was caused by interval freezing and 
thawing to a large extent. Further investigation is needed in order to truly figure out 
the best storage temperature for carrots.  
3.6 Future work 
Further research study could be carried out as modification.  
(1) In current study, only the concentration of β-carotene was monitored during 
storage. The other peak on HPLC chromatogram may be figured out with 
other kind of carotene standards. Moreover, as previous studies show that 
trans-β-carotene may transfer into cis-β-carotene, more efforts could be made 
into studying the transformation of carotene in different parts of one carrot 
sample.  
(2) A carrot sample could be divided into more sections in order to obtain an 
extensive visual representation of carotene distribution.  
(3) In order to better provide insights into carrots storage, many other conditions 
could be simulated and monitored. In addition, the effect of various 
pretreatment methods such as blanching, drum-drying, freeze-drying and 
spray-drying on carotene degradation could also be investigated in future 
work.  
For future study, this syringe needle-based extraction method could be used for 
the analysis of other types of analytes. 
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